Abstract -Field -ion microscopy (FIM), transmission electron microscopy (TEM) and computer simulation techniques have been used to experimentally investigate the field -ion image geometry. Electron micrographs and electron diffraction patterns were obtained from tungsten specimens after controlled amounts of field evaporation. From a knowledge of the changes in the image dimensions as a function of the variation in the tip radius and the tip profile from the electron micrographs, an attempt has been made to define the projection point and the ion trajectory. The information has been used to obtain computer simulated patterns and the results are discussed.
I. INTRODUCTION
In field -ion microscopy, a knowledge of the exact profile of the field evaporated end form of the specimen and the projection geometry are extremely important for quantitative study of interface structures. Most of the earlier Qork was based on the assumption that the tip was hemispherical and that the projection was stereographic. These were soon realised to he approximations and several emperical equations and geometrical relations were developed (1-4). However, none of them considered the tip geometry and the image projection as a function of field evaporation sequence. This paper aims to show that TEM and FIM can be conveniently used to gain a better insight into the tipe profile and the projection geometry.
EXPERIMENTAL
Tungsten specimens (Nos. 1 and 2) were prepared and were first examined in the FIM.
When an observable image was formed on the screen, the specimens were removed and examined in the Philips EM -300 TEM at the highest possible calibrated magnification of 202,000 X. The specimens were tilted to obtain the <001> orientation normal to the tip axis and the images and diffraction patterns were recorded. Similar recordings were made by tilting the specimen to the maximum possible extent in the positive and negative directions to get a three dimensional profile of the tip. The specimens were then transferred to the FIM and careful field evaporation was carried out. After a certain number of layers of evaporation, they The tip profiles are becoming uniform.
11. RESULTS Figure 1 shows the electron micrographs and the field -ion micrographs obtained before and after the initial TEM examination on specimen 1. Fig. 2 shows the electron micrographs and the field -ion image after the evaporation of 150 - (110) layers. The results of field evaporation studies are represented in Fig. 3 (a) for specgmen 1 and in Fig. 3 (b) for specimen 2 respectively.
The tip height in the specimen holder was initially measured using an optical microscope and the tip to screen distance was noted. The positions of I2001 poles were noted after enlarging the negatives to the exact size of the screen. The pole positions on the electron micrographs were marked from an analysis of the electron diffraction patterns. This method was considered to be more accurate than the geometrical approach (5) or the relationship based on the measurement of distances on the field -ion micrographs (6). The projection points were determined by assuming straight line relationship from the observed {200} pole positions to those determined by electron diffraction on the tip profiles. Such an assumption has been shown to be valid both experimentally and theoretically (7,4).
It is apparent from Figs. 1 and 2 that the tip profile is far from spherical. The pole normals do not intersect at a point along the tip axis and hence, defining the tip centre is not exact. As an alternatiue, the cone half -width at the tip apex was represented as R and was evaluated to be 178 A for tl\e initial position at A and 346 A for the final position at B for specimen 1. ayere from tip . 
SOURNAL DE PHYSIQUE
The field evaporated tip shows a displacement of 6.78 m for specimen 1 and 13.5 mm for specimen 2 which agree exactly with the calculated values of 150 and 300 - (110) interplanar spacings for tungsten at a magnification of 202,000. Similar detailed analysis could not be conducted in the region A-B for specimen 2 because of its extremely sharp and uneven tip surface.
IV. DISCUSSION
The uncertainties associated with unambiguous identification of the tip profile and the image projection stem from (a) the tip asymetry, (b) the deviation from a spherical surface, and (c) the shift in the point of projection.
Irrespective of the initial end forms, the specimens tend to achieve an equilibrium shape after certain amount of field evaporation. This is clear from the electron micrographs shown ing Fig. 4 . Specimen 1 was examined after 150 layers of evaporation when the best image voltage was 20 kV and specimen 2 after 420 layers of evaporation at a best image voltage of 11.4 kV. Detailed analysis of the profiles revealed the two surfaces to be exactly parallel to each other inferring that at a constant best image voltage, the tip profiles of <loo> oriented tungsten specimens will be identical within the limited volume that contributes to the image (approx. 60-100 A normal to the tip apex). This equilibrium shape is not spherical and tends to have a flattened apex confirming the earlier observations (8). The corresponding (110) rings in the field -ion image tend to have an oval shape, the ovality depending on the asymmetry in the tip itself (cf. Figs. 1 and 2 ). This deviation from the circular shape can be used as a measure of the tip asymmetry.
The deviation from a spherical cap at the apex renders stereographic projection (N = 1) to be a rough approximation to the field -ion image. While Brandon (9) proposed a projection based on N = 2, Southworth and Walls (6) reported N to be varying from 0.5 to 5 and an experimentally observed value of 0.8. However, it is clear from Fig. 3 that the projection point shifts as the tip surface enlarges and
d. Fig. 4 . Electron micrographs of specimens 1 and 2 before and after field evaporation. Note that final profiles are parallel within the limited volume contributing to the image. 
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